sCASE is an automated continuous monitoring system that produces near real-time daily gross primary productivity (GPP) estimates of North Pindus National Park forests. The algorithm is based on the light use efficiency (ε) approach, incorporating species-specific maximum ε values (ε o ) and ε o downscaling according to temperature, water scarcity and leaf developmental stage. sCASE was calibrated using a series of 2-year field ecophysiological measurements on the 4 dominant forest species of the Park and validated against a canopy photosynthesis model (R 2 = 0.9, RMSE = 1.29 g C m -2 day -1
Introduction
It is estimated that terrestrial ecosystems absorb about 60 Gt of C annually through the photosynthetic process [Janzen, 2004] , forming the largest flux component of the global carbon cycle. This process is considered to be affected by increasing atmospheric CO 2 concentration and climate change [Nemani et al., , 2003 . Terrestrial gross primary productivity (GPP) monitoring is required in order to understand the dynamics of the global carbon cycle, forecast future climate and design management practices of natural resources [Schimel, 2007] . Numerous ecosystem models have been developed for quantifying GPP spatial and temporal variations. Among them, models that use the light use efficiency approach [Monteith, 1977] may have the largest potential to adequately address GPP dynamics because they take advantage of the unique spatiotemporal coverage of satellite observations [Yuan et al., 2014] . Light use efficiency (LUE) models are based on the simplified approach Monteith originally used to estimate net primary productivity of well-watered annual crops [Monteith, 1977] . Using this approach, GPP is estimated as the product of absorbed photosynthetically active radiation (APAR) by the canopy and the efficiency (ε) that the absorbed radiation is converted to biomass. APAR and ε determine the potential ecosystem photosynthetic rate that environmental or physiological factors may reduce through various mechanisms that affect APAR, ε, or both. Environmental stresses are usually incorporated in LUE models as scalars that reduce the maximum ε (ε ο ), while physiological factors are expected to be incorporated in APAR estimation. A typical form of a LUE model is:
where FAPAR is the fraction of PAR absorbed by the vegetation canopy, PAR is the incident photosynthetically active radiation (mol m -2 ) per time period (e.g. day, 10-day, month), ε ο is the potential LUE (g C mol -1 APAR) without environmental stresses and scalars represent the reduction of ε ο under limiting environmental conditions (e.g. Temperature, Water), varying from 0 to 1. Various LUE models have been developed [e.g. Potter et al., 1993; Running et al., 2004; Turner et al., 2006b; Yuan et al., 2007] and each one is based on particular assumptions regarding the processes controlling vegetation production, formulated in different ways and diverse complexity. One of the most simplified and widely used LUE model is C-Fix [Veroustraete et al., 2002] that is driven only by field based estimates of temperature and radiation and satellite derived FAPAR. It assumes a standard ε ο value for all kind of ecosystems and, unlike most of the LUE models published, its original configuration does not include a scalar for possible water stress effects on photosynthesis. C-Fix model modifications in order to account for drought effects when applied in arid or semi-arid environments have been proposed by Verstraeten et al. [2006] and Maselli et al. [2009] . Another typical LUE algorithm is used by MODIS-GPP [Running et al., 2000] with inputs of MODIS LAI/FAPAR (MOD15A2), field based temperature, PAR and VPD (Vapour Pressure Deficit), land cover, biome-specific ε ο and scalar configuration. This algorithm reduces ε ο when cold temperatures limit plant function and when VPD is high enough to inhibit photosynthesis. It is assumed that VPD co-varies with soil water deficit and thus vegetation water stress. Even though MODIS-GPP algorithm has been extensively evaluated and its inputs have been much improved during the last decade, its products have not yet reached the required accuracy [Heinsch et al., 2006; Wu et al., 2010] . The main sources of error are recognized to be the limited accuracy and the low resolution (1 km 2 ) of the land cover classification, problems in the estimation of the meteorological and FAPAR inputs and the assumption of VPD as a water stress proxy [Zhao et al., 2005 Heinsch et al., 2006] . The latter is a flaw of the core MODIS-GPP algorithm that remains unsolved. FAPAR is predominantly estimated by satellite data in LUE models due to the connection between absorbed solar radiation and satellite-derived spectral information [Myneni and Williams, 1994] . Vegetation indices such as NDVI (Normalized Difference Vegetation Index) and RDVI (Renormalized Difference Vegetation Index) are widely used for the estimation of FAPAR and LAI (Leaf Area Index) using simple linear [Myneni and Williams, 1994; Moreno et al., 2012] or non-linear [Myneni et al., 1995; Carlson and Ripley, 1997] relationships. Alternatively, FAPAR or LAI can be estimated by radiative transfer inversion modeling [Myneni et al., 2002] such as MODIS LAI/FAPAR product. Both strategies retain some uncertainty in FAPAR estimation that is mostly induced by weather conditions, illumination-acquisition geometry, or other acquisition problems [Myneni et al., 2002] . Defining a function used by remote sensing to capture water stress effects on photosynthesis has been a major challenge for many years [Yuan et al., 2014] . The effects of water availability on GPP have been modeled in existing LUE models as a function of meteorological data (soil moisture, evaporative fraction, VPD) or satellite water indices [Yuan et al., 2014] . All approaches have several advantages or disadvantages in terms of efficiency, input availability and practicality. It remains difficult to characterize water available for plants and its effect on photosynthesis over large areas. However, the key-issue is recognized to be the integration of more detailed ecophysiological knowledge of plant responses to water availability in order to develop reliable water limitation equations [Yuan et al., 2014] . This study presents a monitoring system that is developed based on the LUE approach and produces near real-time daily GPP products of the forests of North Pindus National Park in Northwestern Greece. It is a regional scale system that is based on high spatial resolution land cover classification and elevation maps, a compact network of installed meteorological stations across the Park, local scale ecophysiological measurements on the dominant forest species and satellite monitoring of vegetation dynamics. The scope is to take advantage of field ecophysiological and meteorological measurements to develop a LUE algorithm that best describes the forest production across the Park, build an automated system that incorporates this algorithm and produce high quality GPP and other ecophysiological and meteorological products of the Park area. The evaluation of GPP product accuracy is performed using a processbased canopy photosynthesis model that is parameterized for the dominant forest species of the Park based on systematic field ecophysiological measurements during a two-year period. (Fig. 1) . There is increased complexity in the topography of the Park with elevation range from 400 to 2637 m. The climate across the Park is variable according to altitude and topography and ranges from mesomediterranean to submediterranean [Tselepidakis and Theoharatos, 1989] .
Methods

Study area
Field measurements
A series of Leaf Area Index (LAI), leaf photosynthesis (A leaf ) and leaf water potential (Ψ) measurements were conducted during a 2-year period (2013 -2014) on the 4 dominant forest species of the Park (Fagus sylvatica, Quercus frainetto, Quercus cerris, Pinus nigra) at three study sites (Tab. 1, Fig. 1 ). Field measurements were conducted once a month for each species. During May, the field measurements for the deciduous species were more frequent in order to capture the rapid developmental processes. The study sites were selected to meet the following criteria: I) the canopy must be dense without large gaps; II) the area must not have mixed species (except Quercus sp. site that two species are equally mixed); III) the extent of this area must be at least 1 km 2 . LAI (m 2 /m 2 ) was measured using an AccuPAR LP-80 PAR/LAI Ceptometer (Decagon Devices, Inc., Pullman, Washington, USA) following Norman and Jarvis model [Norman and Jarvis, 1974] of radiation transmission and scattering. LAI measurements covered two parallel to the slope 100 m transects of East-West orientation at each study site. A leaf (μmol CO 2 m 2 s -1 ) measurements were performed with a portable photosynthesis system (LCpro+, ADC BioScientific Ltd, Hoddesdon, UK). Instantaneous photosynthesis of about 25 randomly selected leaves of the outer canopy was measured at ambient conditions. Additionally, using the instrument's capability for climatic control (blue-red LED light source and temperature control), photosynthesis responses to PAR (A-PAR curves) and temperature (A-T curves) were measured. Ψ (MPa) was measured using a Scholandertype pressure chamber (SKPM 1400, Skye Instruments Ltd., UK). About 8 to 10 samples from the outer part of the canopy and randomly distributed along the site were wrapped in aluminum foil and sealed in plastic bags for 10 minutes and then cut and measured immediately with the pressure chamber. Canopy photosynthesis modeling A leaf measurements were used to parameterize a leaf level photosynthesis model for the 4 dominant forest species of the Park (Fagus sylvatica, Quercus frainetto, Quercus cerris, Pinus nigra) [Markos and Kyparissis, 2011; Markos et al., 2014; Stagakis et al., 2014] . The leaf photosynthesis model is combined with a multi-layer canopy integration model [Spitters, 1986; Leuning et al., 1995; dePury and Farquhar, 1997; Markos, 2013] . In the whole modeling process, species-specific A-PAR and A-T curves, LAI (measured in the field), PAR and T (recorded by the meteorological stations) are used as inputs in order to estimate daily total canopy GPP (g C m -2 day -1 ) for each species. This process has been evaluated in two levels: I) leaf level photosynthesis model was validated against the independent dataset of random photosynthesis measurements that were performed seasonally at ambient conditions in the field; II) canopy integration model was validated comparing the canopy total APAR (μmol photons m -2 s -1 ) estimations against APAR values that were measured seasonally in the field (measurements for LAI estimation). The model APAR estimations for the exact measurement time of each date were used in the validation. The accuracy assessment results showed that both leaf photosynthesis and canopy APAR modeled values show very good agreement with the values measured in the field (R 2 = 0.91, RMSE = 1.28 μmol CO 2 m 2 s -1 and R 2 = 0.99, RMSE = 28.53 μmol photons m -2 s -1 respectively) . Similar models have already been tested successfully against eddy flux measurements [Falge et al., 2005; Mercado et al., 2007 Mercado et al., , 2009 Verbeeck et al., 2008] . The modeling process scales up from leaf to canopy, providing GPP estimates that are descriptive of a dense uniform forest canopy with LAI equal to the value measured in the field. These canopy characteristics are met in the selected study sites and field measured LAI covered a large extent (two 100 m parallel transects) that can be assumed to be representative of the surrounding area. Therefore, these GPP estimates are further used as reference to sCASE estimates at the selected study sites despite the spatial scale differences of field and satellite data. Model simulations are also used in order to derive the species-specific constants that are used in sCASE modeling process (Tab. 2). ε o was estimated through canopy photosynthesis model simulations for each species, by dividing daily GPP with daily APAR estimations and accounting for the average ε for clear days with favourable conditions. Favourable conditions prevail during end of spring -early summer, when deciduous species have fully expanded leaves and there is no environmental or physiological stress for all species.
Table 2 -Species-specific constants used in sCASE modeling process (Fig. 2) sCASE function sCASE uses two dynamic data sources in order to produce near real-time GPP estimates for the forest area of the North Pindus National Park. Satellite data provide forest spatial and temporal dynamics and meteorological recordings are used to model forest responses to abiotic parameters. Satellite data are provided at 8-day time step and 500 m resolution, while meteorological data are continuously recorded and daily 50 m resolution products are calculated. Therefore, daily GPP estimates are driven mainly by daily variations of the meteorological parameters and vegetation dynamic variations are refreshed every 8 days. Additionally, the land cover map ( Fig. 1 ) and an elevation map [Ryan et al., 2009 ] of the area with 50 m spatial resolution provide auxiliary information used in the modeling process (Fig. 2) . The final products are generated in 50 m spatial resolution in order to preserve the intense spatial variability of the meteorological parameters according to the landscape.
Satellite data
The MOD09A1 MODIS surface reflectance product (500 m, 8-day) is used to calculate NDVI [Tucker, 1979] and RDVI [Roujean and Breon, 1995] according to the equations:
where R nir and R red are the reflectance of the second (841 -876 nm) and the first (620 -670 nm) MODIS band accordingly. MOD09A1 pixel quality assessment is used to recognize problematic pixels and correct them according to previous clear acquisitions. NDVI is used to calculate LAI through an empirical relationship (Fig. 3a) and then FAPAR is derived from LAI using the relationship [Ruimy et al., 1999] :
where k d is the canopy light extinction coefficient, set to 0.65 for all forest types according to the field radiation transmission and scattering measurements conducted for LAI estimation. RDVI is used to calculate a developmental scalar for ε o (D scalar ) that scales for canopy photosynthetic performance mostly during the stages of leaf development and senescence. The following empirical relationship is applied on deciduous forests: that sets a lower boundary for RDVI values of about 0.2 and a maximum over RDVI 0.5 (Fig. 3b) . Such scalar would not be proper for evergreen forest types since there are no clear stages of leaf development and senescence. However, it is observed that this scalar acts auxiliary to NDVI, compensating cases of FAPAR overestimation. Therefore, applying a similar scalar with increased tolerance in the RDVI boundaries for evergreen forests ( Both FAPAR and D scalar products are clipped in the borders of the forest areas and then resampled to 50 m resolution in order to be comparable with the meteorological data. 
Meteorological data
Temperature (T) and precipitation are continuously recorded by a network of 13 online automated ground meteorological stations distributed across the Park (Fig. 1) . Four of them are equipped with PAR sensors for continuous measurements of solar radiation. In case of problematic function or data transmission of a station, it is omitted from the daily routine of data processing and interpolation. Daily ground measured PAR (mol m 2 day -1 ) is used to compute real-sky beam and diffused radiation coefficients that are incorporated in a solar irradiation model (r.sun, Hofierka and Suri [2002] ) to calculate daily PAR for the whole Park area (resolution 50 m). The shadowing effect of topography is also incorporated by r.sun using an elevation map [Ryan et al., 2009 ] of the area. T ( o C) recordings are used to derive daily (24h) minimum (DT min ), average (DT av ) and maximum (DT max ) values. These values are spatially interpolated for the Park area (resolution 50 m) using the Linear Lapse Rate Adjustment (LLRA) method [Dodson and Marks, 1997] that uses specified lapse rates for elevation adjustment (-0.01 and -0.005 o C m -1 for DT max and DT av accordingly). DT min values do not present any specific elevation gradient pattern. LLRA method is selected because it is a simple, fast and easily implemented methodology that provides accurate results that are comparable to more complicated algorithms [Dodson and Marks, 1997] . The temperature scalar for ε o (T scalar ) uses a bell-shaped equation [Raich et al., 1991] : where T min , T max and T opt are species-specific constants for minimum, maximum and optimal temperature for photosynthesis respectively (Tab. 2) and T day stands for the mean daytime temperature, estimated as the average of DT max and DT av [Aber and Federer, 1992] (Fig. 4a) . All meteorological recordings are used to produce a water scarcity indicator for ε o downscaling during water stress periods. Temperature and solar radiation are used to estimate reference evapotranspiration (ET o , mm) according to the FAO Penman-Monteith method [Allen et al., 1998 ]. Daily precipitation (mm) records from station data are spatially interpolated for the Park area (resolution 50 m) using an inverse-squared-distance weighting function [Isaaks and Srivastava, 1989 ] that generates each interpolated value based on the observed data of the nearby stations and the distance from each station. The difference between precipitation and ET o is calculated in a short (10-day) and a long (4-month) term time scale to produce water balance indicators according to the different usable water resources for vegetation [McKee et al., 1993] . The 4-month water balance indicator corresponds to the deep groundwater resources that principally depend on winter precipitation and the 10-day water balance indicator corresponds to the upper soil moisture that depends on temperature, solar radiation and recent precipitation events [Allen et al., 1998 ]. The choice of the specific time periods to describe the two water balance phenomena is empirical and is based on comparisons between the resulting indicators with Ψ field measurements. The two water balance indicators are transformed to a short (stW scalar ) and a long term (ltW scalar ) water scalar (Fig. 4b) Results and Discussion sCASE imagery sCASE offers a comprehensive view of the spatial distribution and the temporal progress of GPP and other intermediate products of the modeling process (e.g. LAI, FAPAR, PAR, DT av , scalars) through a freely accessible and user-friendly online GIS platform (http://pindosgpp. bat.uoi.gr). The daily projected images reveal the spatial patterns of each calculated parameter and their effects on GPP. FAPAR reflects the vegetation capacity of absorbing incoming radiation. Therefore, FAPAR is the primal determinant of GPP dynamics [Monteith, 1977; Ruimy et al., 1994] . In Figure 5a FAPAR spatial distribution of the North Pindus National Park generated by sCASE algorithm for a day of June 2013 is presented. It can be observed that sCASE FAPAR product of the specific day shows near-maximum values at almost all Park forest area. There is an agreement of sCASE FAPAR product and species physiology since the canopy of the deciduous forests has already reached full expansion in June. There are some areas of Pinus nigra and Pinus heldreichii forests in the northern part of the Park that present low FAPAR values (Fig. 5a ) due to the reduced canopy closure. Comparing sCASE FAPAR ( Fig. 5a ) with the GPP product of the same day (Fig. 5b) , it can be observed that the spatial distribution of GPP is clearly affected by FAPAR. That happens because June is a period with nearly no environmental constraints on vegetation function. Temperature rarely reaches extreme high values in the Park and water reserves are still abundant. Therefore, neither T scalar nor W scalar have important effects on GPP during this period. The effects of species-specific ε ο on June GPP spatial distribution can also be discerned in Figure 5b . The areas of deciduous forests (Quercus sp., Fagus sylvatica) present slightly higher GPP than conifer forests (Pinus nigra, Abies borisii-regis, Pinus heldreichii) due to the higher ε ο (Tab. 2). August and early September is the period with possible water stress events in the Park area. Such phenomena might be severe or mild, depending mostly on the precipitation of the summer months. 2013 was a year with mild regional water stress events. In Figure 6a the W scalar image that is produced by sCASE algorithm at a day of August 2013 is presented. It can be observed that sCASE algorithm can detect spatial variations of water stress effects. As shown in Figure 6a , the most severe water stress effects are detected at south-western Quercus sp. areas, while F. sylvatica and conifer forests that are located at higher altitudes are less affected. Field measured Ψ values in August 2013 are at relatively high levels in the F. sylvatica and P. nigra study sites (-1.24 and -1.45 MPa respectively), while the Quercus species presented lower Ψ values (-2.92 MPa), indicative of water stress conditions [Iovi et al., 2009] . Moreover, Α leaf field measurements in the same day gave an average of 5.51 μmol CO 2 m -2 s -1 for the Quercus species, that normally reach a photosynthetic rate of 15 -20 μmol CO 2 m -2 s -1 [Markos and Kyparissis, 2011] . Therefore, sCASE W scalar estimates for August 2013 are in accordance with Ψ and Α leaf field measurements that were conducted during this period. Similar results were presented by Maselli et al. [2009] who applied a short term evaporative fraction W scalar on the entire Italian territory and found that during dry summers the upper mountain zones on the Apennine chain and around Etna volcano remained unaffected by water stress. In water stress periods GPP is affected by both biophysical (i.e. FAPAR, D scalar ) and environmental parameters (i.e. T scalar , W scalar ), thus the sCASE GPP product of an August day (Fig. 6b) preserves FAPAR spatial distribution pattern (Fig. 5a ) combined with water stress effects (Fig. 6a) . The use of sCASE reveals that T scalar rarely has serious constraining effects on GPP during spring and summer. Similar conclusions were drawn by Yuan et al. [2007] who applied a LUE model (EC-LUE) that uses the same Τ scalar equation with sCASE on 28 eddy covariance flux towers. During autumn, when deciduous species have not yet shed their leaves, some periods of severe cold can occur forcing GPP in even zero levels at high altitudes. In late October 2014 there were some days with such conditions that sCASE T scalar products showed near-zero values in Fagus sylvatica areas (Fig. 7a) . T scalar image revealed that Quercus sp. areas were also affected by the low temperature (Fig. 7a) but not so intensively due to the lower altitude. T scalar of conifer species remained in high levels since these species are more resistant to low temperature (Tab. 2). Field measurements of leaf photosynthesis on Pinus nigra showed that this species preserves high photosynthetic rates even during winter that daytime temperature falls to near zero degrees [Vanikiotis et al., 2013] . Therefore, even though T scalar effects on GPP are not intense in areas that freezing temperatures are not frequent events [Yuan et al., 2007 [Yuan et al., , 2014 , in cases of coexistence of species with different responses to temperature, T scalar contribution is significant on daily high spatial resolution GPP estimates (Figs. 7a, c) . sCASE is incorporating the shadowing effect of topography in order to estimate realistic high resolution PAR spatial distribution. The effect of topography on PAR is more pronounced during autumn and winter that sun zenith angle is low. In Figure 7b PAR spatial distribution estimated by sCASE algorithm for a sunny day in late October is presented.
Significant spatial variability of PAR can be observed for this day. Northern aspects with steep slopes receive very low incoming radiation while southern aspects receive maximum PAR. It appears that PAR spatial distribution is a major determinant of GPP during autumn and winter period (Fig. 7b, c) and must not be neglected by spatial LUE modeling. It can be observed that the spatial distribution of sCASE GPP at the specific autumn day (Fig. 7c) is mostly determined by both T scalar , (Fig. 7a) and PAR (Fig. 7b) sCASE GPP estimates were evaluated at the three study sites where field ecophysiological and meteorological measurements were used in canopy photosynthesis modeling to compute daily reference GPP values. sCASE GPP time series were extracted for the three study sites for the period 2013-2014 and were compared with reference GPP of the same period (Fig. 8) .
It can be observed that sCASE GPP follows very well the seasonal GPP variations for both deciduous (Figs. 8a, b) and evergreen (Fig. 8c) species. In the deciduous species, GPP rises steeply at the end of April with leaf emergence and falls gradually from August due to the reduction of daily PAR until November when leaf fall is completed. Other effects such as water stress can also depress GPP during late summer. Such an event took place during August 2013 and affected mostly Quercus sp. areas as described earlier (Fig. 6a) . This event is also obvious in both sCASE and reference Quercus sp. GPP time series (Fig. 8b) . In contrast, the summer of 2014 was sufficiently moist and water stress effects were not detected by neither sCASE algorithm nor field measurements. Seasonal GPP variations of the evergreen Pinus nigra clearly follow seasonal PAR variability presenting maximum values in June, decreasing gradually until December and rising again gradually from January (Fig. 8c) . sCASE daily GPP estimates present high accuracy compared to the reference values (R 2 = 0.90, RMSE = 1.29 g C m -2 day -1 ), indicating that sCASE algorithm is well calibrated for the ecosystems of North Pindus National Park (Tab. 3, Fig. 9 ). sCASE performed best in F. sylvatica site (R 2 = 0.94, RMSE = 1.15 g C m -2 day -1 ) and its performance was a little lower in Quercus sp. (R 2 = 0.89, RMSE = 1.50 g C m -2 day -1 ) and P. nigra (R 2 = 0.83, RMSE = 1.22 g C m -2 day -1 ) sites (Tab. 3). MODIS vegetation indices are efficient estimators of vegetation spatial and temporal dynamics [Huete et al., 1999; Broge and Leblanc, 2001; Boschetti et al., 2011] . More importantly, sCASE automated recognition and correction of problematic pixels based on the MODIS quality flags is working efficiently, preventing occasional unjustifiable GPP drops due to cloudiness or other acquisition problems that are frequent for this area. The contribution of each sCASE scalar to the final GPP estimates at each study site during 2013 -2014 was quantified comparing the full sCASE algorithm with three modified sCASE versions (removing one scalar at each version). The contribution of the D scalar is important for the accurate recognition of seasonal GPP variations, especially in deciduous forests, preventing early GPP increase in spring and enhancing on-time GPP fall in autumn. As shown in Table  3 , the contribution of D scalar on the estimated GPP is high for the deciduous forests and low for the evergreen conifer site. Early GPP increase in deciduous forests is a common problem of the MODIS-GPP product [Heinsch et al., 2006; Turner et al., 2006a] and developmental scalars are recognized that could be very useful in eliminating that effect [Wu et al., 2010] . T scalar contribution to sCASE performance is not very important (Tab. 3). T scalar effects on the final GPP estimates is around 4 % for the deciduous species and a little higher for the evergreen species (7.14 %). It seems that during the growing period of the deciduous forest species, temperature variations at the selected study sites are within the favourable limits for plant growth. The most significant effects of temperature occur during winter and are affecting only the evergreen conifer species. These results confirm previous studies that presented non-significant temperature effects on GPP during spring and summer [Yuan et al., 2007 [Yuan et al., , 2014 . A significant innovation of sCASE is that it incorporates the network of the meteorological stations across the Park to produce high resolution water stress estimations. The design of a universal method for vegetation water stress estimation is still a challenging research task and a critical component of LUE modeling [Maselli et al., 2009; Yuan et al., 2014] . sCASE algorithm for water stress detection is not species-specific and is proved sufficient for the extent of the Park. W scalar effects on sCASE performance are more pronounced at Quercus sp. study site and less at F. sylvatica and P. nigra sites (Tab. 3). Overall, W scalar seems as important as D scalar on sCASE performance (Tab. 3). It is possible that W scalar effects on sCASE performance would be stronger if more years with more intense drought conditions were available in the validation scheme. The good performance of the designed W scalar is firstly attributed to the high accuracy of the meteorological parameters and secondly to the development of the equations based on field measured responses of each species to water stress. As noted by Yuan et al. [2014] , knowledge of plant physiological adaptive mechanisms is critical in order to accurately simulate the impacts of water stress on GPP.
The examination of this algorithm in other regions / ecosystems is required in order to demonstrate its potential of generalized application. The comparison plot between sCASE and reference GPP shows that sCASE tends to slightly underestimate GPP (Fig. 9 ). Significant part of this effect may be attributed to the lack of ε ο adjustment for atmospheric conditions. During cloudy days the daily fraction of diffuse radiation is high, causing an increase of the efficiency that radiation is incorporated by the canopy [Alton et al., 2007] . This means that ε ο should be higher for cloudy days and that keeping a constant ε ο , which is a typical principle of LUE models, causes GPP underestimation. Such innovation in LUE model principles and function has been attempted by CFlux model [Turner et al., 2006b ] and is currently recognised as an important requirement for LUE model development [Yuan et al., 2014] . A further improvement of sCASE accuracy is expected when a ε ο scalar based on the daily fraction of diffuse radiation is incorporated based on the work by Markos et al. [2014] .
Conclusions
sCASE is an automated high resolution monitoring system of the forest dynamics for a significant protected forest area in Greece. It is an innovative tool for various practices, such as natural resource management, carbon cycle analysis, ecosystem status assessment and environmental change monitoring. This system receives inputs from satellite and field meteorological data and applies an algorithm in order to create various ecophysiological and meteorological outputs. The algorithm incorporates various innovative elements in order to produce high quality products, such as the automated correction of satellite data, the high resolution solar irradiation maps and the methodology for vegetation water stress detection. The evaluation of sCASE products was performed on specified sites of the Park using canopy photosynthesis modeling estimates that were based on systematic field measurements on the four main forest species of the Park. It is proved that the accuracy of the system is sufficient (R 2 = 0.9, RMSE = 1.29 g C m -2 day -1 ) with potentiality of further improvements. sCASE demonstrates that online vegetation monitoring systems are viable solutions for various practices, posing the challenge of building such systems in more extended spatial scale.
